When the ferrocene signal ceased to grow, the electrode was disconnected and cleaned with water, ethanol, chloroform, ethanol, and then water to ensure that any noncovalently bound copper and ferrocene was removed. The electrode was then contacted with 1 M HClO 4 . A CV (Figure 1b ) indicated that the ethynylferrocene had coupled to the surface. Control reactions were performed in an identical manner but with the cell left at the open-circuit potential or with a monolayer that contained no azide-terminated thiols. In either case, no ferrocene surface couple was detected. The general technique showed an excellent tolerance to reaction conditions, working well in mixed solvents (such as water and dimethylsulfoxide), with mixed monolayers containing either aromatic or alkyl azides and hydrophilic or hydrophobic diluent thiols, as well as with other copper complexes, such as a water-soluble Cu(II) tris-(triazolylmethyl)amine. 8, 9 To demonstrate that this technique can be applied to the selective functionalization of independently addressable microelectrodes, we performed the reaction on a commercially available pair of gold interdigitated array (IDA) band electrodes (Abtech Scientific). The IDA was composed of two electrodes each consisting of 50 Au fingers 5 mm long by 10 µm wide, with an interelectrode spacing of 10 µm. Identical mixed azide-terminated self-assembled monolayers were formed on both gold electrodes. The IDA was contacted with a solution of 0.1 M KPF 6 , 1 µM copper(II) bis(bathophenanthroline)disulfonic acid, and 5 µM ethynylferrocene. The electrode we wished to functionalize (Electrode 1) was held at -300 mV, whereas the electrode we did not want to functionalize (Electrode 2) was held at +250 mV versus Ag/AgCl/saturated NaCl using a bipotentiostat (Pine Instruments). After 30 min, both electrodes were disconnected, rinsed, and contacted with 1 M HClO 4 electrolyte. As Figure 2 depicts, Electrode 1 was found to be functionalized with ferrocene, whereas Electrode 2 was not. In a separate experiment, the two electrodes were each functionalized in succession by first holding Electrode 1 at -300 mV and Electrode 2 at +250 mV for 30 min and then switching the voltages at which the electrodes were held and again holding for 30 min. The resulting CVs taken with 1 M HClO 4 electrolyte showed that the two electrodes were functionalized with ferrocene, and the coverages were nearly identical (see Supporting Information).
When Electrode 2 was left at open-circuit during functionalization of Electrode 1, Electrode 2 was found to be partially functionalized with ferrocene (typically less than 10% that of Electrode 1), indicating that the activated catalyst was able to diffuse from Electrode 1 to Electrode 2. However, if all the activated catalyst were soluble, then, given the separation of 10 µm between the two electrodes and the time scale of reaction, Electrode 2 would have been completely functionalized. That this is not the case suggests that most of the activated catalyst is localized on the surface of Electrode 1. This is consistent with the electrochemical detection of a surface-localized copper(I) species, as seen in Figure 1a and discussed further in the Supporting Information. This would explain why Electrode 2 was not fully functionalized when left at opencircuit, as well as why the reaction works so quickly at such low concentrations of the copper(II) species.
A popular strategy to selectively modify multielectrode arrays is to electrochemically activate a surface-immobilized reactant. [10] [11] [12] [13] [14] [15] [16] However, there are several advantages in modulating catalyst activity rather than reactant activity. 17, 18 The latter is necessarily stoichiometric, whereas a single catalyst can amplify the response due to a single electron. Another benefit is increased flexibility in what can be immobilized on the surface; the surface reactant need not be electroactive.
In summary, we have demonstrated selective functionalization of independently addressable electrodes by electrochemical activation and deactivation of a coupling catalyst. 1,2,3-Triazole formation at a mixed azide-terminated SAM can be controlled by electrically addressing an electrode to generate the active copper(I) catalyst. This technique can be used to discriminate between chemically identical but independently addressable electrodes, and we have demonstrated this by selectively functionalizing a 10 µm spaced IDA of microelectrodes. The ability to switch on or off the reaction by electrical addressing together with the chemoselectivity of this reaction makes Cu(I)-catalyzed triazole formation an ideal method for the chemical modification of multielectrode arrays. 
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